We present the case of a 12-year-old boy diagnosed with Tourette syndrome, who was successfully treated with a combination of vaporized medicinal cannabis and oral pure tetrahydrocannabinol (THC). Due to severe motor tics resulting in insomnia, the parents -both of whom were medical doctors -decided to initiate treatment with 0.02 g vaporized cannabis (Bedrocan with a THC content of 22% and a cannabidiol content of 1%; corresponding to a dose equivalent to 4.4 mg THC) without prior consultation of a Tourette expert. This treatment resulted -according to the parents' reportin an immediate and nearly complete remission of the tics. Due to a further increase in tics, the parents therefore decided to implement a regular treatment with a combination of vaporized medicinal cannabis (up to 0.1 g cannabis per day, varieties Bedrocan and Amnesia Haze, corresponding to 22 mg THC/day) plus orally administered oil-based THC drops (maximum daily dose = 12.5 mg THC) resulting in a marked tic reduction. During a visit in our clinic, we were able to observe the reported beneficial effects 30 min after vaporization of 0.15 g cannabis (Amnesia Haze, equivalent to 33 mg THC; in addition, 7 mg oral THC were taken at home 6 h before the visit): tics, premonitory urges, and overall impairment significantly improved according to self-ratings, parent and clinician questionnaires. Importantly, no adverse events were reported. From this single case study, it is suggested that cannabis-based medicines and their combination (such as oral THC plus vaporized medicinal cannabis) are effective and safe in the treatment of severe tics in minors with TS. However, long-term follow-up is needed to confirm the beneficial treatment effects. We want to emphasize that in this boy treatment with cannabis was initiated by the parents before a consultation in our clinic has taken place. In our opinion, treatment with cannabis-based medicine in children should be regarded as a last-line treatment, when wellestablished treatments have failed to improve tics.
Introduction
Tourette syndrome (TS) is a childhood-onset neurodevelopmental disorder characterized by motor and vocal tics. tients with severe and complex TS, who do not respond to these treatments, only few further treatment options can be offered including deep brain stimulation. Therefore, a substantial number of patients seek for alternative treatments including cannabis-based medicines (CBM). While there is increasing evidence that different CBM might be effective in the treatment of adults with TS [1] [2] [3] [4] , in minors only two single case reports are available suggesting beneficial effects of orally administered pure delta-9-tetrahydrocannabinol (THC) -the most psychoactive ingredient of cannabis -in 8-and 15-year-old boys with TS and comorbid attention-deficit/hyperactivity disorder [5, 6] .
Case Report
We present the case of a 12-year-old boy diagnosed with TS, who was treated with a combination of medicinal cannabis and THC. We want to emphasize that treatment with cannabis was initiated by the parents before consultation in our clinic. Both the patient and parents consented to the publication of this case report. The boy's motor tics started at the age of 6 and vocal tics at the age of 10 years. Since then, his tics followed a typical waxing and waning course. The patient was diagnosed with TS for the first time at the age of 10 by his treating psychiatrist.
The family came self-motivated without referral to our TS outpatient clinic. At that time point, the patient was 12 years old and exhibited typical motor tics such as eye blinking, arm jerks, sticking out his tongue, abrupt leg and abdominal movements, and copropraxia as well as vocal tics such as squelching, throat clearing, rumbling, humming, and echolalia. Further psychiatric evaluation showed mild obsessive-compulsive behavior (touching objects and persons), sleeping problems, and mild self-injurious behavior with self-beating, but no evidence of comorbid attention-deficit/ hyperactivity disorder. He had never received any specific treatment for the tics besides relaxation techniques. At first presentation, the parents -both of whom were medical doctors, who had much experience in the treatment of their own patients with different CBM -reported that they had decided to medicate their son themselves with vaporized medicinal cannabis, rather than getting a prescription for an antipsychotic medication or any other kind of treatment or consulting a Tourette expert before. The decision was taken based on their son's suffering from severe tics and growing inability to fall asleep. So far, the boy had been treated twice with a single dose of 0.02 g cannabis (variety Bedrocan with a THC content of 22% and a cannabidiol content of 1%; the dose was equivalent to 4.4 mg THC). According to the parents' report, both administrations resulted in an immediate and nearly complete remission of tics so that the boy was able to fall asleep without problems. Neither after the intake nor on the following day did any adverse event occur according to the patient's and his parents' report. In order to assess the described beneficial treatment effects of medicinal cannabis in a clinical environment, we invited the family to come for a second visit.
During the second visit at our clinic 1.5 months later, the parents reported about a marked deterioration of tics over the last few weeks with severe motor tics resulting in headache as well as intense and loud screaming so that -for the first time -the parents felt compelled not to send the boy to school. Therefore, the parents decided in favor of a regular treatment with vaporized medicinal cannabis (taken at home) with a maximum dose of 0.1 g cannabis per day (Bedrocan and Amnesia Haze varieties both containing 22% of THC) corresponding to 22 mg of THC. In addition, they decided to introduce treatment with oral THC (oil-based drops) with a maximum daily dose of 12.5 mg THC divided into two doses (taken outside the house). Thus, maximum daily dosage of THC was 34.5 mg according to the parents' report.
Results
During that second visit, the patient presented an identical tic repertoire as described during the first consultation; however, on that day, he had already received medication (7 mg THC) 6 h before the appointment. Both the parents and the patient reported not only about a tic reduction, but also improved concentration at school after having started regular treatment with CBM. In addition, both reported that they could clearly differentiate between clinical effects related to intake of oral THC and vaporized medicinal cannabis, respectively: while oral THC had a superior effect on tics and sleep compared to cannabis, vaporized medicinal cannabis resulted in an immediate remission of headache due to the tics. The effect of oral THC lasted longer compared to the effect of vaporized cannabis. Absolutely no adverse events were reported neither by the patient nor his parents.
In order to assess immediate effects of vaporized cannabis in this boy, we performed a variety of clinical assessments before and about 30 min after vaporization of 0.15 g cannabis (Amnesia Haze, equivalent to 33 mg THC; at that time, the boy reported a maximum effect; for details, see Table 1 ). In summary, inhalation of cannabis resulted in an immediate and marked reduction of both tics, premonitory urges, and overall impairment across different observers (self, parents, and clinician). No adverse events were reported or observed.
Discussion/Conclusion
While there is increasing evidence that CBM is effective in the treatment of a variety of conditions in adult populations [7] , only very little is known about efficacy and safety of CBM in children and adolescents [8] . In a recent systematic review, only 22 studies have been identified using CBM in minors, most commonly pure THC DOI: 10.1159/000496355 and cannabidiol [8] . To the best of our knowledge, this is not only the first case study reporting about beneficial effects of vaporized cannabis with high THC content in a boy with TS, but the first such report ever in a child.
In open uncontrolled case studies including more than 200 patients, adult patients with TS often report about beneficial effects of inhaled cannabis [9] . In this case study, both the family's report as well as the expert clinical ratings suggested that not only THC -as described earlier [8] -but also vaporized cannabis are effective in the reduction of tics and premonitory urges. Remarkably, even relatively high doses of THC were well tolerated and even improved concentration according to the patient's report. This observation of good tolerance of CBM is completely in line with reports of good tolerance in studies of CBM treatment as a prevention of vomiting due to antineoplastic treatment [10, 11] and CBM treatment of treatment-resistant spasticity [12] in pediatric populations. However, based on the short-term treatment in this single case, no statement can be made about long-term (side) effects of cannabis and THC in children and adolescents with TS.
Since tics typically wax and wane over time, demonstrate an age dependency with a maximum at age 10-12 years, and are influenced by environmental factors, it cannot be excluded that in this boy improvement of tics and other symptoms was related to these factors instead of treatment with CBM.
Although there is increasing evidence that CBM might be effective in the treatment of several different conditions, medical doctors often hesitate to use CBM due to concerns of long-term side effects including increased risk of psychosis and cognitive impairment. However, in a recent meta-analysis [13] , it could be demonstrated that in most studies in youth the magnitude and persistence of cognitive deficits of cannabis have been overstated. In the authors' opinion, reported deficits reflect residual effects from acute use or withdrawal rather than persistent cognitive deficits. In contrast, it is generally accepted that children who start using cannabis before the age of 15 are at increased risk of psychotic disorders [14] . However, until today it is unclear whether observations in healthy children using high doses of skunk-like cannabis recreationally can be transferred to children suffering from neuropsychiatric disorders including TS, who use medicinal cannabis supervised by a medical doctor. Although the database is very limited, so far, increased risk of psychosis has not been reported in pediatric patients treated with CBM [10] [11] [12] .
It should be noted that in this boy treatment with vaporized medicinal cannabis was not initiated and prescribed by the authors, but by the parents before the first presentation in our clinic. This was possible, because both were medical doctors. Keeping in mind that to date only very little is known about the effects of CBM in children, we do not recommend the use of vaporized cannabis in children with TS. However, in the authors' opinion, in severely affected and otherwise treatment-resistant children, treatment with other orally taken CBM such as pure THC or cannabis extracts should be taken into consideration as a rescue therapy, before thinking about surgical treatment with deep brain stimulation.
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